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TITLE OF THE INVENTION 
SEMICONDUCTOR LASER DEVICE WHICH REMOVES INFLUENCES 
FROM RETURNING T.TGHT Ok' THKUE BEAMS AND A METHOD OF 
MANUFACTURING THE SAME 
5 CROSS-REFERENCE TO RELATED APPLICATIONS 

This application is based upon and claims the 
benefit of priority from the prior Japanese Patent 
Application wo. 2000-282B52, filed SepLember 19, 2000, 
the entire contents of which are incorporated herein by 
10 rclci'cijyc i 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a a omi conductor 
laser device and particularly to a semiconductor laser 
15 device including a semiconductor laser element adapted 

for an optical pickup based on a tracking ocrvo system 
using a three-heam mer.hod. 

2. Description of Related Art 

A CD-ROM (Compact Disk-Read Only Memory) haa come 
20 to be indispensable a.q a recording medium for a 

personal computer (PC) . In an optical pickup usod for 
an optical disk, trackinq control qeutsrally adopts a 
system called a 3-beam method. 

FIG. 9 shows a schematic view of an optical system 
25 adopted to the 3-beam system. A laser beam 601 emitted 
from a semiconductor laser element, such as a laser 
diode (not shown) is guided to a diffraction grating 
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602. The diffraction grating 602 generates dif f rar.t.i on 
lights of 0-order, 1-order, and -1-order . The 
diffraction lights pass through a collimator lens 603, 
a half-mirror 604, and an objective lens 605 and have a 
5 focus point on an optical disk 610. That is, three 

boams of a main beam 606 and sub-beams 607 and b()H are 
ro^uaed on the optical disk 610. Reflection lights 
from the optical disk 610 are guided to the half-mirror 
604 passing again through the, objective lens GO* and 

10 are reflected on the hair-mirror G04, to enter into 

patterned PDs (pnoto diodes) 611. Incident light is 
photoelectrically converted at each PD 611. The signal 
outputted from each PD 611 is calculated to obtain a 
position shift of th« beam. The calculation result is 

15 fed back to a drive part of the optical pickup and is 

controlled so as to let the main beam 606 follow the 
track 609. 

The tracking control based on the 3 -beam method 
covers a wide followiny range, and no limitation is put 

20 on the density and phase of the disk. Therefore, the 
Lracikitiy control is less influenced by variations in 
the disk quality. Accordingly, this is sulLable lor an 
optical pickup for reading. This method, however, has 
a problem of returning light from sub-beams. 

25 That is, as shown in FIG. 10, two sub-beams 705 

reflected from the disk partially return trn th« upper 
and lower sides of the laser diode chip (hereinafter 
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called a LD chip) 701 (this is hereinaf tar nailed 
3-beam returning liqhL) . The two sab-beams 705 arc 
distant from the laser beam 703 by a distance d. For 
example, when the 3-beam returning light 705 is Quirtari 
5 to the side of the sub-mount, the beams arc reflected 

again on the side surface of rhfi sub mount 704. 
Therefore, reflection light 707 is generated from the 
3-beam returning light and is mixed into Llie optical 
system. Consequently, a tracking «rrnr is caused in 

10 some waes. 

TO avoid this problem, a sub-mount B01 eta ahowft in 
FIG. 11 is used. A side surface of this sub-mount B01 
that is positioned just below the laser beam cmiooion 
facet ot the LD chip 701 has three parts. That is, an 

15 upper part of the side surface of the suh-monnt is 

formed to be vertical to the upper surface 802 of the 
sub-mount. A parr, of the side surface near a position 
at a distance d (see FIG. 10) from the emission point 
is inclined at an angle 0 . A lower part of the 3idc 

20 surface of f.hft sub-mount is also formed to be vertical 

to the upper surface 802 of the oub-mount. The beam 
direction of the 3-beam reLurninq light 705 ia 
refracted in correspondence with the inclination angle 
0 o£ the inclined part. For example, the beam 

2b direction of the returning light 705 which reLums in a 
direction vertical to the laser beam emission side 
surface 808 ia refracted by 2 8 , according to Snail' s 
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law. NA (Numerical Aperture) of a collimator lens for 
a CD is about 0.1. An estimated half angle ia about 
5.7 degrees where the relationship of NA = iiXsinG • At 
this time, if the inclination angle is 3 degrees nr 
more, the returning light reflected on the side surface 
of the sub-mount is incident again to the collimator 
lens G03 (see FIG. 9), and io thue prevented from 
mixing into the optical system. Thus, inriuences from 
the 3-beam returning light can hp. eliminated by 
inclining the aide surface of the sub mount 9 01 at an 
angle corresponding to the NA of the collimaLoj. lens. 

in 

£ If a countermeasure is taken only against the 

returning light of the 3 beam optical oyotcm, the 
Ln entire side surface of the sub-mount may be inclined. 

D 15 However, in case of die-bonding the sub-mount to a 

P metal heats ink or die-bonding the LD chip to the oub- 

t mount, the. optical axis direction must be set precisely. 

^ Therefore, operation for letting the laser beam 

emission facet of the LD chip collide with a 
20 positioning pin is required. Hence, constant areas on 
the upper and lower part3 of the oido surface of the 
sub-mount are formed to be verLicdl to the upper- 
surface of the sub-mount. That is, an inclined part is 
formed only on a part of the side surface of the sub- 
2b mount upon requirements, as shown in FIG. 11. 

The sub-mount HOI is tormed by a dicing process as 
shown in FIGS. 12A and 12B. At first, as shown in 
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FIG. 12A, a sub-mount substrate 90? 1s partially cut by 
a blade 901 having a substantial V-shape. In thio 
manner, a vertical part and an Inclined parL at mi 
upper part of a side surface of the sub-mount are 
5 formed. Next, as shown in FIG. 12B, the aub-mount 

substrate 902 is cut and divided by a blade 903 having 
a normal shape. At thic time, another vertical part at 
a lower part: of the side surface of I he sub-mount in 
the laser-beam emission side is termed. Thus, a sub- 

10 mount 904 having three aide aurfaoee corresponding to 

the laser-beam emission facer is formed. ThaL ia, Uiia 
sub-mount 904 has two flat parts respRr.tivp.ly having 
heights a and e for abuttigg with a pin, and an 
inclined part as a countermeasure against 3-beam 

15 returning light, which has a height h and a depth c. 

The heights a and b and the depth c need to be highly 
precise, within a margin of error of about 10 #ro. 
Therefore, when cutting is carried out by the V-shape 
blade 901, the position of the blade must be controlled 

70 precisely 1n the plane direction and in the depth 

direction. In addition, when cutting is carried out by 
the blade 903 havinq a normal shape, the blade must be 
positioned precisely. Further, r.he shape of the V- 
ahapc blade changes due to friction as cutting 

25 continues. To cope with the effect of friction, the 
cutting depth must he changed, and the inclined part 
inu3t be matehod with the required dimensions. 
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Therefore, a complicated adjiist-mmnt operation is 
required. 

As described above, the sub-mount hetviuy the 
otructure shown in FIG. 11 has a very complicatftd 
5 structure and is difficult to manufacture. The cost 

for the sub-mount is too high f.o enable an effective 
entire cost reduction for tho semiconductor laser 
device. 

□ Hence, there* has been a demand for a semiconductor 

|g io laacr device and a method for manufacturing tho earn©, 

L L! which are capable of consistently removing the 

cpss 

s p influences of the returning light-, nf three beams, and 

in enable excellent mass-productivity. 

n BRIEF SUMMARY OF THE INVENTION 

^3 15 According to an aspect nf f.hP. invention, there is 

=p provided a semiconductor laser device comprising: a 

u sAnii conductor laser chip having an emission facet, fur 

emitting a laser beam; and a sub-mount having a first 
surface on which the semiconductor laser chip is 
20 provided, and at least one second surface vertical to 
the first surface, wherein one of the second surface, 
which is arranqed in line wiLh the emission facet of 
the semiconductor chip, ift inclined at an angle of 3 to 
30 degrees to the emission facet, and the second 
25 surface which is Inclined reflecla reflection light of 
a finh-beam diffracted from the laser beam emitted from 
the semiconductor laser chip. 
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BRIEF DESCRIPTION OF THE SEVERAL VTEWS Of TMlfi UKAWING 
FIG. 1 is a schematic perspective view showing a 
semiconductor laser device accordinq lu the first 
embodiment of the present invention; 
5 FIG. 2 is a plan view showing the semiconductor 

laser device, viewftd trom the upper side; 

FIC. 3 io a cross-sectional view of a 
semiconductor laser element used in the semiconductor 
laser device according to the first embodiment of the 

10 present invention; 

FIG. 4 is a schematic pcrapctsLive view showing a 
semiconductor laser dev1 r.p arnorriing to the second 
embodiment of the prcacnt invention; 

FIG. 5 is a cross-sectional view oC a 
5 15 semiconductor laser a lament used in the semiconductor 

= laser device according to the ocoond embodiment of the 

P present invention; 

pes 

FIG. 6 is a perspective view of a sub-mount 
substrate and explains a method for manufacturing a 
20 sub-mount having a countermeasure against 3-beam 

returning light, according to the present invention; 

FIG. 7 is a cross-sectional view of a sub-mount 
substrate and explains a method for manufacturing a 
sub-mount having a countermeasure against 3-beam 
25 returning light, according Lo the present, invention; 

FIGS. 8A and 8B are plan views showing 
modifications of the semiconductor laser device 



: era 
III 
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according to fh<=» present invention; 

FIG. 9 is a schematic view o£ a semiconductor 
laser device for an optical pickup, using a 3-beam 
method according to the present invention and the prior 
5 art,- 

ftg. *ltJ is a schematic view which explains 
returning light of a 3-beam optical system; 

FIG. 11 is a perspective view of a semiconductor 
laser device and explains a conventional countermeasure 
10 againat 3- beam returning light; and 

FIGS. 12A and 12B axe oiv£> a -sectional views 
explaining a method of manufacturing a sub-mount having 
a conventional countermeasure against 3-beam returning 
liqht. 

15 DETAILED DESCRIPTION 0*' THE INVENTION 

In the following, embodiments of the present 
invention will be explained wiLh reference Lu Lhe 
drawings - 

At first/ the first embodiment will be explained 
20 with reference to FIGS. 1, 2, cmd 6. 

In FIG. 1, an LD chip 101 is mounted on a sub- 
mount by a junction-down such that a junction area 
oriented downward. The junction area generates a large 
amount of heat. By providing the junction area cI.osp. 
25 Lu Lhe sub-mount 102/ the heat radiation efficiency of 

the LD chip 101 can be improved. Therefore/ the 
increase of the temperature at the light emission part 
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o£ the LD chip 1 m can be reduced. It is estimated 
that the case temperature Tc ic about 70 to 751: when 
using a CD-ROM. However, in Lhis case, the LD chip 101 
can be operated steadily. 

The sub- mount 102 io mounted on a heatsink 109. 
The sun-mount 102 has an upper surface and four aide 
surfaces vertical to the upper surface. Of f.hfisfi side 
surfaces, Ihe side surface in line with the laser boam 
emission facet, of the LD chip 101, i.e., the side 

3ur £ace positioned just bellow the laeor baam amission 
facet of the LD chip 101 io inclined. This inclined 
si rip. surface* (hereinafter called an inclined surface) 
°j HI is oblique to the laser beam emission facet at an 

^ angle 6 . The anqle 0 is set within a range of 3 to 

3 

□ 15 30 degrees, for example, in correspondence with the NA 

[I of the collimator leno . 3-beam returning light 106 

!l which is incident to the inclined surface 111 of the 

u 

i"* sub-mount 102 is reflected by the inclined surface 111 

to become reflection light 107 of the 3-beam returning 

20 light. This reflection liqhl 107 is inclined at angle 

2 0 to the 3-beam returning light 106 as incident light. 
In case of a collimator lens having NA-0.1 (see FIG. 9), 
rhe rfifler.r.ion light 107 of the 3-beam returning lighL 
106 does not enter into the collimator l«ns it B=:< is 

25 given. Therefore, this reflection light 107 is not a 

noise source which influences tracking errors. 

In an actual optical system, the 3-beam returning 
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light is not always vertical to the laser beam emission 
facet of the LD chip. In addition, the installation 
position of the collimator lens varies wiLh respect to 
the hcatsink, and the installation position of the 
5 collimator lens varies with respect to tho diffraction 

grating. Therefore, the incident angle to the laser 
beam emission facet is a much larger value. However, 
if these componenLa are positioned so that the coupling 
efficiency betweftn the light output of the LD chip and 
10 the optical system reaches a practically ueoful level, 

the incident anqle of the 3-beam rcLuxuing light ie 
b y about twice the estimateri angle of the collim ator l ena 

=P at most. If thio io taken into consideration, a 

in sufficiently effect ive^esulL can be ubuained if the 

15 C^Pinclination angle iKof t.hft inclination surface 11 of 

QN;he aub ■mount i ^af5 aet substantiall y to 30 ..jteaxasM* — J£ — 
the reflection rate of the side surface of lhe sub- 
mount is as small as seve ral %, the inclination angle 
can further be reduced. | ln this cape, a sufficient 
fttteot. can be obtained if the^inclinatlon angle of Lhe 
inclination surface 11 of^he sub-mount is within a 
Qranqe of 3 Lo IS dftdjee^^f^^ejcample ■ 



□ 




Fid. ?. is a plan view of the semiconductor laser 
device shown in FIG. 1, viewed from it upper side*. Tn 
25 this embodiment, Lhe heals Ink 108 has a substantially 
square or rectangular shape, and the sub-mount 102 has 
a parallelogramatical ahapc . The LD chip 101 has a 
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rectangular shape. Edges of thft T.n chip 101 and the 
heatsink 108 thai are opposed to each other arc 
substantially parallel to each other. Two ed 4 es of the 
LD chip 101 are parallel to two edges of the snb-moimt. 
5 102, and the other two edges of the latter arc oblique 

at an angle 0 to th« other two edges of the former. 
That is, the inclined surface 111 positioned just below 
the laser beam emission face I of the LD chip 101 is 
inclined at an angle fl to the laser beam emission 

10 facet. 

In general, the LD chip mounted wiLh junction-down 
is provided such that its lasp.r beam emission facet 
sliqhtly projects from the side ourfaoc o£ the sub- 
mount, to prevent interference with a laser beam. In 

IS this embodiment, a part of thft la«*r hffam emission 
facet contacts the side surface of the cub-mount. 
However, the other part of the laser beam emission 
facet is distant from the side surface of the sxib mount 
Thus, interference with the laser beam is prevented. 

20 Tn the* sub-mount 102, as shown in FIG. 1, an 

element electrode 110 is formed on its upper surface, 
and a lower elecLrode 104 is formed on its lower 
surface. The lower el«r.trorie 104 is joined to the 
heatsink 108 by solder 105. The inclined surface 111 

25 of the sub-mount 102 has an angle (0+90) degrees 
to the side surf arts adjacent to the inclined 

surface 111. 
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Desirably, the material of the sub-mount 102 has a 
coefficient of linear expansion which is approximate to 
that of the. material of Che LD chip 101, and an 
excellent thermal conductivity. Further, the material 
of Lhe aub-mount 102 needs to be easily proccocable. 
An AlGaAs MQW (Multiple Quantum Well) laser for CDs as 
shown in PIG. 3 U3e3, for example, GaAe as its 
substrate material. The coefficient o£ lined* 
expansion of GaAs is 6.4 X lO*" 6 (1/K). The materials 
shown in Table 1 hove a coefficient of linear oxpanoion 
Of 3.5 X 10 6 (1/K) to 8 X 10- 6 (1/K), whioh io 
approximate to the above -men t i nnp.ri nneff icient and have 
an excellent thermal conductivity of 140 W/m • k or more, 
That is, the materials are aluminum nitride (AlN) , 
silicon carbide (SiC) , silicon, or the like, shown in 
Table 1. 

Table 1 



Material 


Coefficient 
of linear 
expansion 
(X10 -6 K 1) 


Thermal 
conductivity 
(W/m • k) 


AlN 


4.h 


/>()() or more 


3iC 


3.7 


210 


Si 


4.2 


151 


Cu 


16.5 


395 


fc'e 


11.8 


12 



The materials of the sub-mount each have a 
coefficient of linear expansion of an order 
substantially equal to that of CaAo. In contrast, 
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copper (Cu), iron (Fe) , or the like used as the 
material of the heatsink has a very large coefficient 
of linear expansion. Therefore, the materials of the 
sub-mount described above can much more relax the 
5 thermal sLiesa dCLing on the LD chip, compared with the 

case of directly die-bonding the LD chip t.n the 
material of the heatsink. 

A multi-layered film structure in which films of 
Titanium (Ti) and Gold (Au) are each formed t.n have 

10 thicknesses ol 10 nm to several tens nm can be 

considered as the material for the lower electrode of 
the sub-mount and the element electrode. Further, a 
Ti/Pt/Au multi-layered structure including platinum 
(Pt.) as a barrier metal between the Ti and Au forming 

15 the multi-layered film structure. By using these 

electrodes, the laser element can be easily soldered to 
the sub-mount with use of Ansn solder (solder 411 shown 
in FIG. 3). The multi-layered film structure described 
above can be formed by a manufacturing method suitable 

20 for mass-prodnr.r.i on such as magnetron sputtering. In 
the case of preparing the structure by vacuum 
evaporation or the like, il is desirable Lhat chrome 
(Cr) is added between the Ti ot the mult i- layered film 
structure and the hcataink, to form a structure of 

2b Chrome/Titanium/Gold CCr/Ti/Au) . Bv adopting this 
structure, sticking strength r.ftr\ be improved. 
FIG. 6 shows an example of a method of 
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manufacturing the sub-mount 102 shown in the first 
embodiment. The sub mount 102 can be formed by dicing 
a substrate as a wafer/ for example. 



If Jth£ angle of 



10 



^the inclined surface 11 of the sub^frtftint 102 is set to 
5^/^10 degrees, a normally uocd^i^e is used to cut a 

§^ predetermined wi dth'o£^rfie substrate 1001 along a firsL 
dicing line lOO^W rhoreafter, the substrate 1001 is 
cut in parallel with a second dicing line 1003. The 
sfirnnrt dining line 1003 is further inclined by 10 
degrees from the dirootion perpendicular to tho first 
dicinq line 1002. ThaL io, the second dicing line 1003 
is inclined at 90° + 10° =100° to the tirst dicing line 
1002. By the dicing in this manner, the sub-mount 102 
Shown In FIGS. 1 and 2 can be manuf actured, The dicing 
15 is not limited to the order described above. However, 
cutting may be carried out firstly along the second 
dicing line and next along Lhe first dicing line. 

The sub-mount 102 shown in the fir fit. p.mhodiment 
does not require the depth of the blade or the 
21) adjustment of the position as shown in FIGS. 12A and 
12B. Therefore, the sub-mount 102 shown in the first 
embodiment required less complicated operations than a 
r.nnvftnr.ional sub-mount as a countermeasure againsL 
three beams, so that its mass-productivity is munh 

25 increased. 

When the sub-mount 102 is die-bonded to the metal- 
made hcataink, positioning is carried out by letting 
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the side surface of the sub-mount jnst. neiow the laser 
beam emission lace I contact a positioning pin. In this 
case, the pin 1s previously inclined by the inclination, 
angle of the oub-mount 102 to the laser beam direction. 
Then, a die-bonding apparatus used for a conventional 
sub-mount can be used. Ar.r.orrii ngly, an advantage can 
be attained in that the productivity can be improved 
without requiring any new equipment. 

In many cases, the sub-mount tor a semiconductor 
laser is aulUered to a heatoink made of Cu or P© plated 
ui With Au/Ne or the liJce, with use of AuSn solder having 

% an atomic % ratio of 80:20. In this rase, the LD chip 

^ is firstly die-bonded to the oub-mount, and next, the 

5 sub-mount is die-bonded to the heat sink. TherearLer, a 

3 15 pellet of AuSn solder is supplied between thft hP.af.sink 

f Z and the sub-mount on which only a lower electrode io 

□ tormed, and the. sun-mount equipped with the LD chip is 

die-bonded to the heatsink. 

Meanwhile, in case where the sub mount i3 firotly 
20 soldered to the heatsink and the LD chip is next die- 
bonded to the sub mount, the pellet of AuSn solder is 
not supplied at this time but AuSn bolder having a 
constant film thiefcness and the atomic % ratio of 80:20 
i3 prcvioualy deposited by evaporation on the lower 
25 electrode 104, as shown in FIG. 1. In Lhis alruuLuxe, 
the amount of so.l.dftr nsftri tor soldering can be constant 
so that the productivity in die-bonding can bo improved 
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greatly. If the solder thickness is too small, riie- 
bonding is difficult. Otherwise, if it is too large, 
solder oozes onf. around and causes short-circuitiiiq on 
the LD chip joint surface. Therefore, soldering is 
5 arranged such thai the film thickness is within a range 
of 80 nm to 5 /*m, consistent with the die-bonding 
conditions. 

k'lti. 3 shows an example of the LD chip which is 
die-bonded to the sub-mount . FTG. A 1s a cross- 

: s 

tD 10 sectional view showing the structure of the laser beam 

[Jj emission facet of the LD chip, in the LD chip, an 

% n-electrode 401 is formed on one surface of an n-OaAs 

•4 substrate 402, and a plurality of semiconductor layers 

in 

7 are stacked on the surface opposite to the n-electrode 

J 15 401. That is, an n-cladding layer 407, a guide layer 

H; 406, an MQW active layer 405, a guide layer 404, and a 

□ p-cladding layer 403 are sequentially formed by 

epitaxial growth using MO-CVD (Metal Organic Chemical 
Vapor Dtsposion) or MBE (Molecular Deam Epitaxy) 
20 technique. The MQW active layer 405 is one for laser 
emission and consists of AlxGa(l-x)Ac layers as well 
ones and AlzGa(l-z)As layers aa barrier ones (0^x<z<l) . 
n-cladding and p-cladding layer compositions are 
AlyGa(l y)As (z<y<l) . Cuidc layers 404 and 406 made o£ 
25 Alz GaCl-Z)As are formed on both sides of ihe MQW 

active layer 405. The MQW active layer 405 and the 
guide layers 404 and 406 arc sandwiched between 
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cladding layers 403 and 407 made of n-Aly Ga("l-y)Afl. 
An n-GaAs current blocking layer 408 and a p-GaAs 
contacting layftr 404 are sequentially layered on the 
cladding layer 407. The current blocking layer 408 is 
5 not formed near an died just below the light emission 
part 412, but the p-cladding layer 407 and thft p- 
contacting layer 409 directly contact each other. A 
portion of the cladding layer 407 located under the 
light emission part 412 forms a ridgp. part 421. The 
10 part of the cladding layer 407 other than the area 

corresponding to the light emission part 412 is a flar 
part 422. A p-electrode 410 Is formed on the 
cuuLdcLinq layer 409, and AuSn solder 411 is provided 

•? I 

thereon. 

I 15 The LD chip has an AlGaAs MQW active layer anrl a 

y 

A cladding layer , and the cladding layer 407 has a ridge 

3 part 421 and a thin tiat part 42?- An n-GaAs current 

atop layer 408 covcra both side surfaces of the ridge 
part 421 and Llie upper aide of the thin cladding layer 
20 407. This is called an SRR (Selectively Buried Kidge) 

structure. Controllability in the lateral mode io so 
excellent that: the astigmatism is small, and Hits 
structure can be driven at a low current so that - 
operation at a high temperature can be achieved. By 
2b combining the sub-mount havina a structure shown in 

FIG. 1 with the LD chip shown in FTfi. it is possible 
to provide a semiconductor laser device for an optical 
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pickup, which can operate at a hi oh temperature with 
low noise. 

For fixampie, a Gold Zinc (Auzn) layer which has an 
excellent characteristic as ohmic contact material is 
5 used Cut the p-electrode 410 of the LD chip. This Gold 

Zinc (AuZn) layer is former! on the p-GaAs contacting 
layer 409. A Molybdenum (Mo) layer or Pt layer as a 
barrier metal is provided on the Gold Zinc (AuZn) layer, 
and an Au layer is formed as the uppermost layer. To 
'°i 10 ruitii Idtyera, an electron beam evaporation apparatuo 

5 which has excellent film thickness controllability la 

!p used. If an acceptor having a suf f 1 c-.i ent concentration 

5 is formed in the p GaAs contacting layer 409, Ti is 

Ln formed on the p-GaAs contacting layer 409, and a 

□ 15 barrier metal layer such as Mo or Pt is provided r>n the 

[I Ti, and an Au layer is formed as the uppermoat layer. 

.% in the man of using the p-electrode 410 having this 

M= structure, annealing process indispensable to the case 

of an electrode using AuZn is unnecessitated. 
20 Therefore, an electrode manufacturing step can be 
omitted. 

An AuSn solder film haviuq au atomic % ratio 80; 20 
and a thickness of 80 nm to b urn is rifiposi red hy 
evaporation on tho p-electrode 410. The LD chip shown 
25 in FIG. 3 has a structure which is excellent, in 

productivity, as an T.D r.hip to he die-bonded to a sub- 
mount by junction-down. 



01-09-13 17:33 S5E-001 121331 



m SflTE-SII/IM- & SII/IM- hh KB 



1-700 P. 21/43 11-823 



- 19 - 

As shown in fig . 10, th* M-heam returning light 
alsu reLurns to the upper side of the laacr beam 
emission facet of the LD chip. In Lhe case where the 
LD chip is mounted by junction-down, the t hi. elm ess T ot 
5 Uie LD chip in FIG. 1 may be reduced to be lcoe than 

the distance between the laser beam and the 3-beam 
returning light, in order to avoid influences from the 
3-beam returning lighL. The distance d changes 
depending on the design ot the optical system. The 

'% io thickness T of the LD chip is set from 60 to 150 pm. 

*B That is, after the p-electrode 410 shown in FIG, 3 id 

=? t 

S E formed, the back surfer.* nf the. n-fiaAs substrate 402 is 

!j generally poli3hcd to reduce the thickness of the wafer, 

^ in order to facilitate bar-cleavdqe and uhip-eleavage 

D 15 for cleaving a wafer into a plurality of chips like 

[I bars. In this polishing 3tep, the thickness of the LD 

chip is set. to T. 
^ The first embodiment uses an LD chip having the 

SDR structure. However/ the first embodiment is not 
20 limited to this structure but Is applicable to any kind 

of structure used for an optical pickup for CDs, which 

is die-bonded Lo ct sub-mount by junction-down. 

Next, the second embodiment will be. pxplained with 

reference to FIGS. 4, 5, and 7. 
25 FIG, 4 shows a Iwu-wavelengLh laser device 

according to the second embodiment of the present 

invention. An LD chip 201 includes a laser element 
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which emits a laser beam 212 with a 7 Hf) -run-band 
wavelength for a CD and a laser element which 
oscillates a laser beam 211 with a 650-nm-band 
wavelength for a DVD (Digital Versatile Disk). That is, 
5 both of the laser elements are formed monolithically on 

a substrate forming the LD chip 2(11 , such that the 
stripe structures of the active layers of both laser 
elements are parallel- This laser device is suitable 
for an optical pickup which raads optical disks of both 

10 uf CD and DVD. 

in the case of a conventional pickup used in 



Hi common for both CD and DVD, a laser device which 1 rases 



* in a 780-nm-band for an optical pickup for CD and a 

\j\ laser device which lases in a 650-nm-band for an 

JL 15 optical pickup for DVD are installed by making optical 

^5 position adjustment. In contrast, two laoor elements 

£ can be incorporated in one package If a two-waveleny Lh 

lT la3cr clement shown in FIG. 5 is used- In addition, 

two striped aclive layers are formed monolithically, so 
20 that the distance between beams can be maintained with 

high precision- Therefore, the number of optical 
elements in an optical pickup can be reduced, and 
services for position adjustment of respective 
components can be greatly reduced. In this manner, 
25 costs for productivity of the optical pickup can be 

greatly reduced. 

An active layer- 512 shown in FIG. 5 corresponds to 
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the laocr beam having a wavelength of 780 run shown in 
FIG. 4, and another aulive layer 513 also shown in 
FIG. 5 corresponds to the laser beam with a 650-iuu- 
wavelength aloo ohown in PIG. 4. It is necessary to 
5 drive currenLs independently in active layer3 512 and 

513 to enable independent lasing from the active ones. 
Therefore, the active layers 512 and 513 are 
electrically isolated from each other, and p-ulddding 
layers 504, p-electrodes 509, and portions of solder 

LsrJ 

1Q 51 q formed Tox: the active layers 512 and £13 arc 

;q electrically isolated from each other. 

=p The LD chip 201 is provided on a sub-mount 700. 

*4 The plane shape of the sub-mount is arranged to be, for 

, example, a parallelogram like the first embodiment. 

% is Therefore, the sub-mount 200 has an inclined snrfarp. 

^ 206 just below the laser beam emission facet of the LD 

□ chip 201. 

r ~ The LD chip 201 is die-bonded to the sub-mount 200 

by junc Lion-down. Therefore, the sub-mount 200 shown 

20 in FIG. 4 has, for Rxample, two element electrodes 202 
which are electrically isolated from each other. These 
element electrodes 202 respectively correspond to p- 
electrodes 509 of the laser elements shown in kik. 5. 
PIG. 7 shows an example of a cutting method for 

2b tormina the sub-mount 200 having a structure shown in 
PIG. 4. At first, a sub-mount suhstrate 1102 is cut 
shallowly by an elcaerrode separation blade 1104 having 
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a small width, to remove a part of an element a1 «r.trode 
thereby to form an elecLrode isolation part 203. Two 
electrodes 202 ar« thus tormed by the electrode 
isolation part 203. Next, the sub-mount is cut by a 
5 sub-mount separaLiun blade 1105 having a large width. 

This cutting is the same as the method shown in FIG. 6. 
Irt a two-wavelength laser, it ia demanded that the 
distance between the laser beams of 780 nm and 650 am 
should be 100 to 200 jim. In consideration nt 
^ 10 variants of the die-bunding position o£ the LD chip, 

d3 the width W or the electrode isolation parr 203 (see 

£ PIG. 4) should desirably be 70 (xm or less. Therefore 

£j Lhe widlh H of the electrode separation blade 1104 

^ should desirably be 50 Mm or less. 

□ 15 According to the second embodiment of the present 

[I inveiiLion, Lhe electrode isolation part 203 of the LD 

£ chip, an inclined surtace 206 thereof having an angle 

^ Q , and a side surface 207 thereof which is adjacent to 

the inclined surface 206 and substantially parallel to 
20 the laser beams arp. all tormed by dicing. in addition, 

adjustment on the positions and depths of the bladoc 
are relatively easy with respect to forma liuri o£ the 
electrode isolation part 203 f inclined surtace and 
side surface 207- Therefore, this sub-mount 200 is 
25 excellent in mass-productivity. 

Other methods than cutting can b* considered with 
respect to formation of the electrode ioolation part 
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203 of the oub-mount 200, For example, therA ars a 
method of etching a subsLraLe in a state where the 
other part than the p.'I «r.t.rode isolation part 203 is 
masked with use of photolithography, a method of 
removing electrode parla by lift-off also with use of 
the photolithography, a method of selectively forming 
electrodes for a two-wavelength clement with use of 
laser cutting using a YAG laser or the like and a me Lai 
mask, and the like. A. selection is made from these 
methods in ac^ord«iit;c with the width W o£ the electrode 
isolation part and the size of burrs formed at edqes of 
the electrodes . 

In Lhe LD chip shown in FIG. 5, the active layer 
517 for the wavelength band of 780 nm is an AlGaAs bulk 
active layer, and the active layer 513 for the 
wavelenqLh band of 650 nm is an InGaAlP MQW active 
layer. The active layers s 1 2 and 513 respectively have 
InGaAlP cladding layers 503 and 504 having a common 
composition. The claddinq layer 503 is formed on the 
n-GaAs substrate 50?. The n-e.».ectrode 501 is formed on 
Lhe back surface of the n-GaAs substrate 502. Further, 
the p-cladding layer 504 has a ridge, and boLh side 
surfaces of the ridge and the p-cladding layer SO 4 ar« 
covered in common with a current blocking layer 506 

made of n-GaAs. 

The SBR structure is thus formed. This SBR 
structure has small aatigmaciam alncc the 
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controllability in thft lateral mode is excellent as 
previously described. In addition, the otructure can 
operate at a high temperature since it can be driven at 
a low current. An etching stop layer 505 made at InGaP 
5 is formed on the p cladding layer 504. A conductive 

layer 507 marie of p-lnCiaf is formed on the narrow p- 
cladding layer 504 sandwiched between current blocking 
layers 506. A conLacLiny layer 508 is formed on the 
current blocking layers hOfi and the conductive layer 

a 

ji io 507. A p-type electrodes £09 isolated for ovory 

fz element Is formed on the eoriLacLiuy layer 508. AuSn 

=P solder 510 i .s formed on the p-electrode bU9. 

Thus, a semiconductor layer apparatus for an 
optical pickup, which is capable or operating at a high 
15 temperature with low nni.se, nan he obtained by 

combining the semiconductor laser clement shown in 
FIG. 5 with the sub-mount having the strucLure shown in 
FIG, 4. Also, according to the semiconductor laser 
element shown in FIG . 5, two elements of different 
20 wavelengths can be formed In one chip* And, the 

distance between two beams can be controlled precisely 
usinq photolithographic technique. Accordingly, 
margins can be obtained with respect, to the positional 
precision concerning the width W of the electrode 
25 separation part of the sub-mount or the die-bonding. 

Tt is therefore possible to provide a two-wavelength 
acmiconductor laser device which has excellent 



i 53 
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mass-productivity . 

A Gold Zinc (AuZn) layer havinq an excellent 
characteristic as ohmic cnnrart material is used as the 
p-electrode 509 of the LD chip shown in FIG. 5. This 
5 Gold Zinc (AuZn) layer ia formed on the p-GaAs 

contacting layer 508. A Molybdenum (Mo) layer or Pt 
layer «is a barrier metal is provided on the Gold Zinc 
(Au2n) layer, and an Au layer is formed as the 
„ uppermost layer. To form layers, an electron beam 

*=»! 

iB 10 evaporation apparatus which has excellent film 

If! thickness controllability is used. If an acceptor 

IKS 

having a sufficient concentration is formed in rhe p- 
^ GaAs ooiiLacLiny layer 508, Ti is formed on the p-GaAs 

i z i 
zr : 

s contacting layer hUH, and a barrier metal layer such as 

3 !5 Mo or Pt is provided on the Ti, and an Au layer is 

f Z formed aa Lhe uppermost layer. In the case of using 

p the p-electrode 509 having this structure, annealing 

process indispensable to the case of an electrode using 
AuZn is obviated. Therefore, an electrode 
20 manufacturing step can be omittftd. 

An AuSn solder film 510 having an atomic % ratio 
of 80:20 and a thickness of 80 nm to 5 um. is deposited 
by evaporation on the p-electrode 509. The LD chip 
shown in FIG. 5 has a structure which io excellent in 
25 productivity, as an LU chip to be die-bonded to a sub- 
mount by junction-down. 

The solder 510 formed on the p-clectrodc 509 of 
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each element i. separated, for example by .tchina wlt.h 
use of photolithography. This etching process requires 
only one photolithography step. Therefore, margins can 
be obtained with respect to positional precision of 
die-bondinq Lo Lliu sub-mount in the second embodiment. 
This manufacturing method includes simple steps and is 
therefore excellent in productivity. 

As shown in FIG. 10. 3-beam returning liyhL dlso 
returns to the upper side of the laser hftflm emission 
facet of Lite LD chip. In c QO e where the LD chip is 
mounted Dy 3 unction-down, the thickness T of the ld 
chip may be sat to be smaller than the distance d 
beL ween each laser beam and the 3-beam returning light, 
in order to avoid influences of the 3-beam returning 
light. The distance d changes depending on the ri««1gn 
of the optical system. Thickness of the LD chip, 
however, is set within a range of 60 to 150 pm. That 
is, after forming the p-electrode 509 shown in FIG. 5, 
the bauk »ui-f*ce of the n-GaAs substrate 502 is 
polished to reduce the thickness of the wafer, in order 
to facilitate bar cleavage and chip-cloavage. In this 
polishing step, the thickness of the LD chip is set 
to T. 

The second embodiment usee a two-wavelength LD 
chip having an SBR structure. However, the second 
embodiment is not limits to this LD chip but is 
a P pli<=*bla to any monolithic two-wavelength laser that 
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i3 die-bonded to a sub-mount by junction -down . 

Next, the shape and layout of the sub-mount used 
in the present, invention will be explained with 
reference to FICS. 8A and 8B. 

In the firsL and second embodiments, the plane 
shape of the sub-mount is a parallel ngram. However, 
the shape of the sub mount io not limited thereto. The 
sub-mourn: needs only to have an inclined surface 
inclined to the laser beam emission facet ot the 
semicoiiduuLut laae* chip, juot below the eroieeion facet. 

in a sub-mount 1202 shown in FIG. 8A, the only one 
edge that corresponds to the laser beam emission fac.Rt. 
of the LD chip 1201 is inclined at an angle 0 to the 
vertical direction. This sub-mount 1202 is mounted on 
15 a heatsink 1208. The other edges of the sub-mount. TAIVA 

bhan the inclined edge are parallel to the 
corresponding edges of the hear.Rlnk 1708. 

The shape of a sub-mount 1203 shown in FIG. 8B is, 
lor example , a square or rectangle. The LD chip 1201 
20 is mounted on the sub-mount 1203. The laser beam 

emission facet of this LD chip 1201 is inclined at a 
predetermined angle 0 to one edue of the sub-mount 
1203. The sub-mount 1203 on which the LD. chip l?0| 1» 
mounted is further mounted on a hoatsink 1208. The 
2b edges of the sub-mount 1203 are arranged at an angle 0 
to the edges of the heatsink TAUH, respectively. 
Therefore, the edges of the LD chip 1201 are 
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respectively parallel to the edges of the hftatsinlc 1208, 
The same advantages as Lhoae of the first and second 
embodiments can h* attained by the structures shown in 

FIGS. OA and 8D, 

Additional advanldqes and modifications will 
readily occur to those skilled in the art. Therefore, 
the invention in its broader aopects is not limited to 
the specific details and representative embodiments 
shown and described herein. According I y, various 
modifications may be made without departing from the 
=8 spirit or scope or the general inventive concept as 

defined by the appended claims and their equivalents. 
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